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The majority of drift studies in Australia have focused on the invertebrate fauna of relatively undis¬ 
turbed, upland streams. This study investigated the quantity and composition of invertebrate drift above 
and below three stormwater drains discharging into Darebin Creek, an urban stream in Melbourne, Victo¬ 
ria and the findings were compared to the stream's benthic fauna. 

The stream velocity was significantly higher above the stormwater drains, but the mean drift density 
was greater at the site below these drains. It appears that the presence of pollutants including sewage, nu¬ 
trients and heavy ntetals in the stream may have discouraged invertebrates from exiting the drift to colo¬ 
nise the region downstream of the drains. At many of the benthic sites and in the drift, invertebrates 
associated with stressed environments such as Cricotopus sp. and ChUvnonms cfaacalis Martin, 1971 
(Diptcra: Chironomidac) dominated. While only the relative proportions oftaxa were different in the sam¬ 
ples collected from the drift and the benthos, the usefulness of sampling drift to assess the instream fauna 
appears questionable because the origin of the invertebrates entering the drift is not known. Sampling both 
the drift and benthos can give a more complete assessment of the stream invertebrate fauna. 
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THE DOWNSTREAM movement of large numbers 
of invertebrates in the drift, is a common and natural 
phenomenon of stream invertebrate communities 
(Brittain & Eikeland, 1988). According to some re¬ 
searchers drift fauna is not considered distinct from 
benthic fauna (Brittain & Eikeland, 1988). However, 
research in large rivers by Benke ct al. (1986) and 
Koetsicr & Bryan (1989) showed that the species 
composition in the benthos was different from that of 
the drift. 

Drift influences benthic community dynamics in 
two ways. Firstly, the continuous loss of animals into 
the water column reduces local benthic density, and 
since some species and class sizes arc more prone to 
drift than others, the composition of the local com¬ 
munity is affected. Secondly, the continuous settling 
out of animals from the drift plays an important colo¬ 
nising role. Thus the influences of drift contribute to 
a continuous redistribution of benthos along the 
length of a stream (Townsend & Hildrew, 1976). 

Drifting is a temporary event in the lives of ben¬ 
thic invertebrate populations (Brittain & Eikeland, 
1988). The reasons for drift are still unclear, although 
many mechanisms have been proposed. Some of 
these include: random events such as accidental de¬ 
tachment during flood events; behavioural factors 
leading to redistribution of organisms in over-popu¬ 


lated areas (Hieber et al., 2003); patchy food re¬ 
sources, or high densities of predators (Dimond, 
1967; Doeg & Milledge, 1991). It also enables or¬ 
ganisms to escape unfavourable physical chemical or 
biological conditions (Olsen et al., 2007), and gives 
them the opportunity to colonise new habitats (Brit¬ 
tain & Eikeland, 1988; l lolomuzuki, 1996). 

The downstream movement of invertebrates is 
not constant but varies seasonally, from day to day, 
and even during the course of the day (Graesscr & 
Lake, 1984; Brittain & Eikeland, 1988; Flecker, 
1992; Schreiber, 1995a). Drift in temperate regions 
such as Australia and New Zealand, is often greatest 
in the summer (Benson & Pearson, 1987; Schreiber 
1995a), and at a minimum during the winter (MeLay, 
1968). 

Drift has been shown to be influenced by many 
factors including the photoperiod, water chemistry, 
water temperature, suspended sediment, stream ve¬ 
locity and water volume, number of predators 
present, and life cycle stage (Brittain & Eikeland, 
1988; Dudgeon, 1990; Doeg & Milledge, 1991; 
Holomuzuki, 1996; Olsen et al., 2007). 

The fate of drift organisms moving into water of 
poor quality has not been widely studied. However, it 
has been speculated that drift-borne insects might 
die relatively quickly, avoid contaminated water by 
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rapid movement back upstream, or remain in the 
water column and allow themselves to be carried 
passively through the polluted zone (Bishop & 
Hynes, 1969). Normally drift invertebrates do not 
settle on the substrates of heavily contaminated areas 
(Bishop & Hynes, 1969; Lake et al„ 1977; Swain & 
White, 1985). 

In the Northern hemisphere papers describing 
drift were first published in the 1920s, whereas the 
study of drift in Australian streams is comparatively 
recent. However, there have been a number of studies 
of invertebrate drift undertaken in Victorian streams 
by Cadwallader & Eden, (1977). Suter & Williams, 
(1977), Graesser & Lake, (1984), Doeg & Millcdge, 
(1991), and Sehreiber (1988; 1995a). 

The majority of Australian drift studies have fo¬ 
cused on the fauna of less disturbed, upland streams. 
There are only two studies that have investigated in¬ 
vertebrate drift in an Australian urban stream 
(Arthington & Conriek, 1981; Arthington et al. 
1982). The studies earried out by Lake et al. (1977), 
Arthington & Conriek, (1981), Arthington et al. 
(1982), Swain & White, (1985), and Davies et al., 
(1994), are the only investigations where invertebrate 
drift was used to assess the impact of pollution on 
the instream biota and reeolonisation dynamics. 

If the benthic invertebrate fauna in an urban 
stream such as Darebin Creek is affected by habitat 
modifications and poor water quality as a result of 
discharges from stormwater drains that at times con¬ 
tained sewage outfalls, it may be expected that the 
quantity and composition of the drift would exhibit a 
response. This study investigated the quantity and 
composition of invertebrate drift above and below 
three stormwater drains discharging into Darebin 
Creek and the findings were compared with the 
stream’s benthic fauna recorded by Veenstra-Quah, 
(2000). The usefulness of sampling invertebrate drift 
to assess the instream fauna is also discussed. 


MATERIALS AND METHODS 
Study area 

Darebin Creek is a tributary of the Yarra River rising 
in the Great Dividing Range north of Woodstoek. 
The headwaters of the creek have no canopy cover 
and are in a paddock that has been eleared for cattle 
grazing. It flows south through agricultural land 
(predominantly grazing) and enters the outer reaches 
of the Melbourne metropolitan area at Epping before 


discharging into the Yarra River at Fairfield. The 
catchment area is approximately 119 km 2 (Mel¬ 
bourne Water — Catchment & Drainage, 1998) and 
the total stream length is approximately 47.5 km. 

The Melbourne Trough through which Darebin 
Creek flows is Silurian-Devonian in origin (Douglas 
& Ferguson, 1976). The creek rises in Lower Devo¬ 
nian sediments north of Woodstoek, flowing through 
Newer Voleanies basalt to the area east of Wollert, 
where its course was diverted to the east against Silu¬ 
rian sediments around Quarry Hill. Downstream from 
this, Darebin Creek continues through a youthful val¬ 
ley with Newer Voleanies basalt on both sides. At 
Darebin, the creek was again diverted eastward later¬ 
ally to the basalt, just above its confluence with the 
Yarra River (Northern Melbourne Waterways Study, 
1975). The urban area through which Darebin Creek 
flows was described in the Northern Melbourne Wa¬ 
terways Study (1975) as having gently undulating to¬ 
pography, with lithology comprising alluvium, 
outwash, eolluvium-gravel, sand, silt and clay. 

Increased urbanisation including residential and 
industrial development in the region has resulted in a 
need to improve water flow characteristics and drain¬ 
age. As a consequence of flow management, Darebin 
Creek has been significantly modified by general re¬ 
alignment and straightening of the watercourse, 
moulding of the banks to form a trapezoid channel in 
the 1960s, and removal of obstructions such as large 
boulders and trees (Thexton, 1986). 

Rainfall and discharge over the course of the drift 
study 

The Melbourne Bureau of Meteorology recorded 
monthly rainfall totals in Epping, and Preston, whieh 
are suburbs in the vicinity of the stream reach stud¬ 
ied. Discharge data were recorded by Melbourne 
Water at Ford Street, Ivanhoe, approximately 3.9 km 
downstream of the benthic site below the drains 
(Site 6). A minimum monthly discharge of 43.11 ML 
was recorded in March 1998 (autumn), and a maxi¬ 
mum of 159.1 ML was recorded in September 1997 
(spring). 

Benthic sampling 

Darebin Creek is the receiving stream not just for 
stormwater runoff but also for raw sewage discharg¬ 
ing from eleven emergency relief structures (Duke & 
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Fig. 1. Location of drift and benthic sampling sites on Darcbin Creek in relation to stormwater drains discharging into 
the stream. Sites 1, 3 and 5 were located above a drain and Sites 2, 4 and 6 below. Not to scale. 


Veenstra-Quah, 1997). Emergency relief structures 
(ERS), are specifically designed outlets installed in 
sewers which operate during wet weather, when 
flows arc increased by rainfall and exceed the capac¬ 
ity of the system, and during dry weather when 
equipment or power failures occur. Chemical analy¬ 
sis of sewage in the Darcbin Creek Main Relieving 
Sewer indicated the presence of heavy metals such 
as, chromium, copper, iron, lead and zinc, as well as 
high levels of orthophosphate, total nitrogen, and 
total phosphorus (Duke & Veenstra-Quah, 1997). 
Apart from the human health risks, the impact of 
spilt sewage on aquatic ecosystems may jeopardise 
the long-term health of the waterway. 

Freshwater invertebrates have proved to be a use¬ 
ful tool for determining the biological condition of 
aquatic systems (Rcsh & MeElravy, 1993). In an in¬ 
vestigation undertaken by Duke & Veenstra-Quah, 
(1997) the impact of three stormwater drains with 
different discharge characteristics on the invertebrate 
community composition of a section of Darcbin 
Creek, was monitored in 1995. 


Three drains discharging into Darebin Creek in 
the Reservoir region were identified for sampling 
(Fig. 1) and the benthic and drift sites were defined 
by the location of these drains. The first drain dl, 
with Site 1 above and Site 2 below, was considered to 
be the “control” site for this study as it had similar 
physical characteristics to the other drains at the 
downstream sites, but there was no emergency relief 
structure installed, so no sewage discharging into the 
creek via this drain. The discharge drain d2, with Site 
3 above and Site 4 below, had two emergency relief 
structures associated with it, and the drain d3, with 
Site 5 above and Site 6 below, was associated with 
one emergency relief structure. 

Benthic sampling apparatus and procedure 

A suction sampler was chosen over the Surbcr sam¬ 
pler or kick sample because it was independent of 
current, and has been reported to be quantitatively 
superior when sampling a variety of substrates (Boul- 
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ton, 1985). The suction sampler based on Boultons 
design, consisted of a square, galvanised iron frame 
with a thiek foam rubber base to ensure a good seal 
between the substrate and the sampler, a hand oper¬ 
ated diaphragm bilge pump, two hoses, a 250 pm 
eolleeting net and sample containers. The sampler 
operator ean standardise sampling by disturbing the 
sediments to a set depth for a set period of time. 

On 18 January1995, preliminary sampling at 
Sites 1, 2, 3 and 6 was undertaken and then all sites 
were sampled on 21 February 1995 (summer) begin¬ 
ning with Site 6 and proceeding upstream. Five repli¬ 
cates were taken in eaeh area (a total of 30 samples). 
The same procedures were carried out on the subse¬ 
quent three sampling trips on 31 May (autumn), 31 
August (winter) and 16 November (spring). 

Drift sampling sites and procedure 

There were two drift sampling sites in Darebin Creek, 
one 60 m above the First drain - Site drift AD and the 
other 74 m below the third drain discharge - Site 
driftBD. A single drift net at both sites was situated 
near the left bank. Ideally they should have been near 
the middle of the stream but the roeky substrate lim¬ 
ited the ehoiee of location for the placement of the 
metal stakes used to seeure the drift sampler. 

The watereourse at Site driftAD ean be described 
as moderately sinuous with the adjacent landuse 
being housing and recreational. The water depth at 
this site varied from a minimum depth of 54 em to a 
maximum of 80 em. The stream width at the drift 
sampling point was 5.8 m and the substrate consisted 
of 50% fine gravel (partieles from 2 to 16 mni in 
size, which in all eases refers to the median axis di¬ 
ameter), 40% cobbles (partieles from 64 to 256 mm) 
and 10% boulders (partieles >256 mm). 

The water depth at this site varied from a mini¬ 
mum of 25 em to a maximum of 53 em. The stream 
width was approximately 5.9 m; banks of approxi¬ 
mately 60 em with moderate signs of erosion. The 
substrate consisted of 60% sand (particles from 0.5 
to 2 mm), 20% fine sand/silt (partieles <0.5 mm), 
and 20% eobbles. 

The riparian zone at both drift sites was similar, 
with no eanopy cover and an understorey of intro¬ 
duced vegetation. The stream depth was greater at 
the above drain drift site (driftAD), but the stream 
width at both sites was very similar. The stream 
banks were steeper, with more evidence of erosion at 
the below drains drift site (driftBD). 


The drift samplers built for this study were based 
on a design used by Sehreiber (1988). They consisted 
of two parts: a sheet metal box that eould be held sta¬ 
tionary in the stream, and 300pm mesh nylon net, 2 m 
long that eould be easily attached and removed with¬ 
out disturbing the benthos upstream of the sampler. 
To eolleet a drift sample the net was removed from 
the metal box and the contents washed into a 500mL 
container at the end of the net. Drift samples were 
preserved in the field with either absolute or 95% 
ethanol and taken back to the laboratory for sorting. 

To Fix the samplers in the stream (one at each 
site), the sampling box had a metal frame on either 
side which slid onto metal stakes that had been ham¬ 
mered into the streanibed at the two sites and re¬ 
mained throughout the study period. 

Drift organisms are known to exhibit diel perio¬ 
dicity - recurrent temporal patterns within a twenty- 
four hour period (Brittain & Eikeland, 1988). To 
ensure that as many organisms in drift as possible 
were eaptured the drift samplers were plaeed in the 
watereourse for twenty-four hours. 

Preliminary drift sampling was undertaken at 
both sites on December 1996, to ascertain if the nets 
eould be left for 24 hours without elogging. Thereaf¬ 
ter, for five seasons: December 1996 (summer), 
Mareh 1997 (autumn), June 1997 (winter), October 
1997 (spring) and finally, February 1998 (summer). 

Physicochemical parameters 

In conjunction with the drift and benthie sampling, the 
air temperature, water temperature, dissolved oxygen 
levels, pH, and conductivity of the water at eaeh site 
was recorded. The water temperature (°C) and dis¬ 
solved oxygen levels (mg/L) were measured with a 
Yellow Springs 51B portable Dissolved Oxygen meter, 
pH was measured with a Watson-Vietor model 5003, 
digital pH meter and conductivity (mS/em) was meas¬ 
ured w ith a Hanna conductivity meter, model III 8733. 
Stream velocity was recorded when the drift nets were 
plaeed in the stream and before the nets were removed. 
Velocity was measured at the entrance of the net three 
times using an Ott velocity meter type 10 152, and a 
mean value was then calculated (m/sec). 

Invertebrate identification and data analysis 

Initially, benthie and drift invertebrate samples were 
sorted into taxonomie groups using an Olympus 
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SZ3060 dissecting microscope. Identification to spe¬ 
cies level was made, wherever possible, using pub¬ 
lished keys. Identifications of some groups were made 
using voucher specimens held at Deakin University 
(Burvvood Campus), Vietorian Rural Water Corpora¬ 
tion (which became part of Melbourne Water's—Water 
ECOSeienee), or the Museum of Victoria. Chirono- 
mid larvae were processed for identification following 
the method described by Cranston (1990), using Boy¬ 
ers mounting medium (Krantz, 1978) and examined 
with an Olympus CH compound mieroseope. 

To determine whether there was a difference be¬ 
tween the drift and benthic invertebrate fauna, a multi¬ 
variate analysis was earned out using the software 
package PRIMER (Plymouth Routines in Multivari¬ 
ate Eeologieal Research Version 5.2.8). A non-metrie 
multi-dimensional sealing procedure (NMDS) was 
applied using total species abundanee for each benthic 
and both drift sites in Darebin Creek for all seasons, to 
generate an NMDS ordination and dendrogram. The 
procedure was carried out using a fourth root transfor¬ 
mation of the species abundanee to generate a Bray- 
Curtis similarity matrix. 


Drift density and stream velocity 

Drift densities were calculated as the number of inver¬ 
tebrates per eubie metre of water passing through the 


net during the sampling period. The mean current ve¬ 
locity measured at the beginning and end of the twenty- 
four hour period was used to calculate discharge. A 
one-way ANOVA was applied to the velocity data to 
determine if there was a significant difference in ve¬ 
locity between sites. 

RESULTS 

Table 1 contains a summary of measurements re¬ 
corded at the time of benthic sampling in 1995, and 
drift sampling from summer 1997 until summer 
1998. Generally, water chemistry at the two drift 
sampling sites on Darebin Creek was similar to that 
recorded at the benthie sites. The water was deeper at 
the first drift site (driftAD) with a median value of 
40.5em, compared to 29em at the below drains site 
(driftBD). Conductivity decreased in a downstream 
direction with a mean of 2.12 mS/em recorded at 
Site driftAD, and 1.44 mS/cm at Site driftBD, the re¬ 
verse of what is usually found. A possible explana¬ 
tion is that the volume of stormwater entering the 
stream from three drains reduced the concentration 
of salts. 

The velocity was consistently greater and varied 
more at the above drain drift site (driftAD) (Table 1). 
Site driftAD recorded a mean velocity of 0.19 m/see 
compared to Site driftBD, with a mean of 0.04 m/ 



Water temperature 
<°C) 

Dissolved oxygen 
(mg/L) 

Conductivity 

(mS/em) 

pH 

Darebin Creek - benthie sampling 
Summary data 

Site 

1 3 5 

Site 

1 3 5 

Site 

1 3 5 

Site 

1 3 5 

mean 

median 

// 

16.1 15.5 14.6 

15.1 14.5 13.5 

4 4 4 

9.9 10.5 9.9 

10.2 10.9 9.8 

4 4 4 

1.8 1.8 1.6 

1.6 1.7 1.5 

4 4 4 

8.0 8.0 7.9 

8.0 8.0 7.9 

4 4 4 

Darebin Creek - drift sampling 
Summary' data 

Site 

driftAD driftBD 

Site 

driftAD driftBD 

Site 

driftAD driftBD 

Site 

driftAD driftBD 

mean 

median 

u 

16.8 16.8 

17.5 17.0 

12 12 

16.1 15.5 

10.3 8.7 

12 12 

2.1 1.4 

2.2 1.4 

11 11 

8.2 8.2 

8.2 8.2 
12 12 

Darebin Creek-drift sampling 

Water depth 
(em) 

Mean velocity 
(m/see) 


mean 

median 

// 

Site 

driftAD driftBD 

Site 

driftAD driftBD 

40.6 31.4 

40.5 29.0 

12 12 

0.20 0.04 

0.20 0.04 

12 12 


Table 7. Darebin Creek physieoehemical summary data - measurements taken at the time of benthie sampling in 1995 at 
the above drain sites (upper table) and drift sampling in 1997-98 (lower table). Velocity was the only parameter with a sig¬ 
nificant difference (p< 0.05) between the drift site above the drains (drift AD) and below the drains (driftBD). 
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Class/Order 

Amphipoda | 

Coleoptera 

Diptera 

Diptera 

Diptera 

Gastropoda 

lsopoda 

Oligoehaeta 

Oligoehaeta 

Triehoptera | 




Taxon 

| Austwchilkmia australis (Sayee, 1901) 

Sclerocvplion striatus Lea, 1895 

Chironomus cloacalis Martin, 1971 

| Cricotopus sp. 

d. 

w 

u 

0 

1 

§ 

,§ 

g 

Physa acuta Draparnaud, 1805 

Heterias pus ilia (Sayee, 1900) 

Branchiura sowerbyi Beddard, 1892 

Oligochaeta unidentified 

Ecnomus contincntalis Ulmer, 1916 

Total invertebrate speeies 

1 Total number of organisms 


Taxon | 

Austrochiltonia australis | 

Sclemcyphon striatus 

*23 

23 

Vj 

4 

Vj 

l 

6 

d. 

V; 

1 

G 

Thienemanniella Cricotopus sp.A 

Physa acuta 

Heterias pusilla 

Branchiura sowerbyi 

Oligochaeta unidentified \ 

Ecnomus contincntalis Ulmer, 1916 

Total invertebrate speeies 

| Total number of organisms 


Table 2. Abundance of the ten most common invertebrates found in the benthos of Darebin Creek. Bold text indicates the dominant taxa for that season’s benthic sampling. Sites 
1, 3 and 5 were located above a stormwater drain and Sites 2, 4 and 6 below. 
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sec. A one-way ANOVA applied to the data indicated 
a significant difference (p< 0.05) between the mean 
velocity recorded at both sites. 

Comparison of benthic and drift samples 

Benthie and drift samples were eolleeted in different 
years but many similarities in composition were evi¬ 
dent in spite of this. The benthie samples taken from 
six sites on Darebin Creek in 1995 yielded sixty-three 
species from forty families and sixteen Orders (Veen- 
stra-Quah, 2000). Drift samples eolleeted from the two 
sites in 1997-8, yielded forty-eight speeies, (fifteen 
less than the benthos), from thirty families and fifteen 
Orders. The species richness in samples from both the 
benthos and drift was highest for the Order Diptera (27 
speeies in the benthos and 20 speeies in drift), followed 
by Triehoptcra (7 speeies in the benthos and 5 species 
in drift). Other groups found in both sample types in- 
eluded: Orders Hemiptera, lsopoda, Aearina, Amphip- 
oda, as well as Classes Gastropoda and Oligochaeta. 

A summary with abundance of the most com¬ 
mon organisms eolleeted from eaeh site during the 
benthie study (Table 2) and the drift study (Table 3). 
Most benthic sites had at least eleven orders present 
with the exception of the site below the third storm¬ 
water drain Site 6 with invertebrates from only nine 
orders eolleeted. 


Site drift AD 

The first drift site on Darebin Creek, Site driftAD 
above the stormwater drains, yielded thirty-two spe¬ 
cies, from twenty-three families and twelve Orders. 
The drift density ranged from 1 invertebrate/m 3 * 10' 3 
recorded in summer 1998, to 11 invertebrates/m 3 x 
10’ 3 recorded in autumn and spring 1997; the mean 
drift density was 6 invertebrates/m 3 x 10- 3 . 

Drift at the site above the stormwater drains (Site 
driftAD), was dominated by the orthoelad Cricoto¬ 
pi is sp. during the summer 1997 (44 individuals), 
winter (16) and spring (114) periods (Table 3). Other 
taxa whieh contributed more than ten individuals 
were: the amphipod Austrochiltonia australis (Sayee, 
1901) with 81 recorded in autumn, 4 in winter 1997 
and 8 during the summer period 1998, Chironomns 
cloacalis Martin, 1971 with 36 in autumn plus 8 in 
summer 1998 and the triehoptcran Chemnatopsyche 
sp. 2 with 24 recorded in autumn, 2 in summer 1997 
and 1 individual in spring. 


Site driftBD 

The seeond drift site on Darebin Creek, below the 
stormwater drains (Site driftBD), yielded twenty-one 
speeies, from nineteen families and eleven Orders 
(Table 3).Thc drift density ranged from 3 invertc- 
brates/m 3 x 10° recorded in autumn 1997, to 122 in¬ 
vertebrates/m 3 x 10’ 3 recorded in summer 1997; the 
mean drift density was 32 invertebrates/m 3 x 10 A 

Drift at this site was dominated by Cricotopus 
sp., during the summer (388 individuals), and spring 
1997 (114) (Table 3). In autumn when only nine in¬ 
vertebrates were recorded, the drift was dominated 
by the surface dwelling hcmiptcran, Microvelia (2), 
and unidentified members of the family Tubifieidae 
also with only 2 individuals. Another oligoehacte, 
Lnmbriculus variegatus (Muller, 1774) (14), Micm- 
velia (8), and unidentified Hydraearina (6 individu¬ 
als) were the dominant taxa in the winter period 
1997. Mosquito larvae, Aedeomyia vennstipes 
(Skuse, 1889) were also eolleeted, with 2 in summer 
1997, one in autumn 1997, 5 individuals in spring 
1997 and 32 in summer 1998. Lnmbriculus variega¬ 
tus was also found in drift during the summer period 
1997 with 5 individuals and 20 in summer 1998, 
while it was the most abundant invertebrate (14) in 
winter 1997. 

Comparison of species composition between sites 
and sample types 

In Darebin Creek, 78.9% of the taxa found in the 
benthos, upstream of the first drain (Site 1) oeeurred 
in the drift, while at the below drain drift site 
(driftBD), only 46.7% of the benthie taxa were found 
in the drift. The number of taxa eommon to both the 
benthos and drift also decreased in a downstream 
direction. 

The orthoelad ehironomid, Cricotopus sp. and 
unidentified oligoehaetes were the taxa that may be 
considered typieal of all six benthie sites, generally 
becoming increasingly abundant at the lower sites, 
and eventually dominating the invertebrate commu¬ 
nity at benthie sites associated with the third drain, 
Sites 5 and 6 (Veenstra-Quah, 2000). The drift was 
also dominated by this ehironomid at both sites in 
summer 1997 and 1998 plus spring 1997, and at the 
above drain site only in the winter 1997 eolleetion. 
However, unidentified worms did not dominate the 
drift with comparatively low numbers of the intro¬ 
duced worm Lnmbriculus variegates, being eolleeted 


summer 1997 autumn 1997 muter 1997 spring 1997 summer 1998 














Taxon 

Class/Order 

driftAD 

driftBD 

driftAD 

driftBD 

driftAD 

driftBD 

driftAD 

driftBD 

driftAD 

driftBD 

Hydraearina 

Aearina 

- 

2 

2 

- 

- 

6 

. 

1 


2 

Austivchiltonia australis (Sayee, 1901) 

Aniphipoda 

1 , 

- 

81 

- 

4 

_ 

2 


8 

_ 

Aedeoinyta venustipes (Skuse, 1889) 

Diptera 

- 

2 

- 

1 

- 

- 


5 

_ 

32 

Chironamus cloacalis Martin, 1971 

Diptcrn 

- 

3 

36 

- 

1 

_ 

. 

_ 

8 

_ 

Cricotopus sp. 

Diptera 

44 

388 

21 

- 

16 

1 

114 

15 

5 

12 

Psycliocluhe sp. 1 

Diptera 

- 

- 

- 

- 

- 

- 

. 

_ 

_ 

8 

Thieuemanniella sp. A 

Diptera 

8 

- 

- 

- 

- 

. 

4 

_ 

1 

_ 

Tipilidae sp. 1 

Diptera 

- 

1 

- 

1 

- 

_ 

_ 

_ 

_ 

_ 

Agniptocori.xa sp. 

Ilemiptera 

1 

- 

1 

- 

- 

- 

- 

- 

5 

- 

Micmvelia sp. 

Ilcmiptera 

- 

2 

- 

2 

3 

8 

1 

_ 

1 

_ 

Heteriaspnsilla (Sayee. 1900) 

Isopoda 

12 

- 

- 

- 

1 

1 

3 


_ 

_ 

Lumbriculus variegatus (Muller) 

Oligoehaeta 

- 

5 

1 

- 

5 

14 

5 

_ 


20 

Tubificidae unidentified 

Oligoehacta 

- 

3 

- 

2 

_ 

_ 

_ 

_ 

_ 

. 

Hydivptila lositla Mosely. 1953 

Triehoptera 

- 

- 

- 

- 

3 

_ 

- 

. 

5 

_ 

Clieumatopsyche sp.2 

Triehoptera 

2 

- 

24 

- 

- 

_ 

1 

_ 

_ 

_ 

Total invertebrate species 


11 

12 

19 

7 

10 

5 

7 

3 

15 

16 

Total number of organisms 


81 

413 

239 

9 

40 

31 

134 

21 

55 

90 


Table 3. Abundance of the fifteen most common invertebrates found in the drift in Darebin Creek. Bold text indicates the dominant taxa for that seasons drift sampling. Site 
located above stormwater drains is driftAD and Site driftBD below drains. 
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Fig. 2a. Dendrogram for drift sites (driftAD and driftBD), and benthie Sites 1, 3 and 5 = above a drain; Sites 2, 4 and 
6 = below a drain), using group-average clustering from Bray-Curtis similarities on fourth root transformed abundances. 
The two drift sites and all benthic sites separated at a 71% similarity threshold (broken line). 


from both drift sites. Sclemcyphon striatus Lea 1895 
(Coleoptera: Psephenidae) and the triehopteran 
Economus continentalis Ulmer 1916 were collected 
from the benthos at the majority of sites during the 
summer 1995 (Table 2) but were not found in drift. 

An NMDS two dimensional ordination plot and 
associated dendrogram, was generated using the 
pooled replicates of benthie samples, and the sea¬ 
sonal drift fauna from each site (Figs. 2a, 2b). 


The stress value for the ordination was less than 
0.05 indieating an excellent representation with no 
prospect of misinterpretation (Clarke, 1993) of the 
relationship between the drift and benthie sites. 
When the associated dendrogram is examined, at a 
71 % similarity threshold the two drift sites are clearly 
separated from each other and from all benthie sites. 
The plot with superimposed clusters shows that the 
benthie sites most closely associated are Sites 2, 3 


.'driftBD: 


.'driftAD: 



Stress: 0.01 



Fig. 2b. Non-metrie multi-dimensional scaling ordinations for Darebin Creek drift and benthic sites with superimposed 
dusters from the associated dendrogram at a similarity level of 71% (broken line). 
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and 4, while Sites I, 5 and 6 appear to be separated 
from each other and all other benthic sites. 


DISCUSSION 

Limitations 

A major limitation of this study is that the drift and 
benthic samples were collected in different years. 
However the impact of discharges from housing, the 
surrounding industries and sewer overflows on the in- 
stream biota are presumably large and persistent. 
Therefore benthic sample data arc presented to aid 
the understanding of the composition of drift samples 
and their possible origin. Clearly there were habitat 
differences, particularly water velocity, between the 
two drift sites potentially having a significant effect 
on the composition of the fauna collected. 

A suction sampler was chosen for the Darcbin 
Creek benthic study (Veenstra-Quah, 2000), because 
it was independent of current, and reported to be 
quantitatively superior when sampling a variety of 
substrates (Boulton. 1985). However, the overwhelm¬ 
ing abundance of oligochaetes (over 1000 worms in 
many samples) in the benthic samples suggests that 
the suction sampler increased the number of burrow¬ 
ing animals collected thereby biasing the collection 
(pers. obs.), this may further explain the differences 
between the drift (with a maximum of 20 oligoehae- 
tes) and benthic samples in this study. 

The routine recording of water chemistry param¬ 
eters at the drift sampling sites may be of limited 
value as it is the physicoehemieal status of the water 
upstream from where the invertebrates enter the drift, 
which influences their behaviour. However, any dra¬ 
matic changes in water quality recorded at the time 
of drift sampling may have been useful when inter¬ 
preting the drift composition and density. 

Relationship of drift with the benthos 

The biota of urban streams like Darcbin Creek, must 
cope with a variety of natural and imposed stresses 
such as chemical loading in stormwater runoff from 
managed land (Klein, 1979; Poff & Ward, 1989; 
1990; Walsh, 2004; Walsh et al., 2001), heavy metals 
and nutrients from sewage outfalls (Duke & Veen¬ 
stra-Quah, 1997), frequent peak flow events with 
their high hydraulic forces (Lancaster et al., 1996), 
increased sedimentation from urban and agricultural 


erosion (Brooks Sc Brierley, 1997; Olsen et al., 2007), 
temperature increase associated with increased solar 
radiation (Collier, 1995), and alteration of channel 
structure (Lambcrti & Berg, 1995). 

The non-metrie nuilti-dimensional scaling plot 
and associated dendrogram using drift and benthic 
invertebrate abundance data from Darcbin Creek 
demonstrated a clear distinction between the drift 
and benthic samples. The invertebrates found at the 
benthic sites prior to the drift study showed little var¬ 
iation over the course of the twelve month study, so it 
is unlikely that the differences indicated in the plot 
are due to temporal effects. The two drift sites also 
appear to be clearly separated from each other due to 
the greater diversity of invertebrate species at Site 
driftAD (32 species) compared with a total of 21 
species at the site downstream of the drains. A prob¬ 
lem with the study of invertebrate drift that remains 
unresolved is that the distance travelled has never 
been ascertained so the source of the invertebrates is 
difficult to pinpoint. 

Veenstra-Quah (2000) found that at the benthic 
sites in Darcbin Creek invertebrates known to be as¬ 
sociated with stressed environments such as Chi- 
mnomus cioacalis Martin 1971, Cricotopus sp. and 
oligochaetes (Wright et al., 1995) increased in abun¬ 
dance while the less pollution tolerant ephemcroptcr- 
ans, and trichopterans declined. A similar pattern of 
invertebrate distribution has been reported in studies 
of urban streams in the northern hemisphere (Klein, 
1979; Whiting & Clifford, 1983; Jones & Clark, 
1987; Tate & Heiny, 1995). A predominance of chi- 
ronomids and oligochaetes in the benthos can also 
characterise a stream reach affected by organic pollu¬ 
tion (Mclvor, 1976; Campbell, 1978; Arthington et 
al., 1982; Wiederholm, 1984; Wright et al., 1995). 
The water quality data recorded during the study by 
Duke Sc Veenstra-Quah (1997) indicated nutrient en¬ 
richment, which may favour the proliferation of some 
pollution tolerant invertebrate species such as Crico¬ 
topus sp., Chinmomns spp., or oligochaetes. 

An increased number of the amphipod Austro- 
chUtonia australis was found at the above drains drift 
site (driftAD), in the wetter seasons of autumn 1997, 
and summer 1997-8 suggesting that they may have 
been dislodged from the substrate by force of the 
current. Few hemipterans were found in the drift at 
either site, perhaps beeause of the lower rainfall re¬ 
corded over the course of the study, and their low 
abundance in the benthos (Veenstra-Quah, 2000). 
Mosquito larvae, Aedeomvia venustipes , usually as¬ 
sociated with a lentic environment were consistently 
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found in the drift at Site driftBD after rainfall in au¬ 
tumn and spring of 1997, as well as summer 1997-8. 
This invertebrate was not found at any site in the 
benthic samples eolleeted in 1995. Aedeomyia ve- 
nustipes larvae are found throughout the year (Do- 
brotworsky, 1965), so their abundance in drift during 
these seasons was probably not related to their life 
eyele. It is likely that they were washed in from pool 
areas upstream of the drift site. 

Members of the genus Cricotopns are primarily 
tube dwellers, but this day-aetivc genus (Cadwal- 
lader & Eden, 1977) may have deliberately entered 
the drift. Cricotopns sp. dominated the drift at both 
sites in the summer and spring of 1997 and the above 
drain Site driltAD in the winter 1997. Their abun¬ 
dance in the drift did not always eoineide with in¬ 
creased rainfall and a consequent increase in flow. 

Other reasons for this increased abundance of 
Cricotopns sp. in the drift may include unsuitable 
habitat conditions (Bishop & Hynes, 1969; Lake ct 
al., 1977; Swain & White, 1985; Davies et al., 1994), 
population pressure providing a stimulus for disper¬ 
sal (Hieber et al., 2003), or life eyele stage, with pe¬ 
riods of maximum drift eoineiding with periods of 
maximum growth in the spring and summer (Brittain 
& Eikeland, 1988). The higher temperatures (Reisen 
& Prins, 1972), and longer daylight hours (Cadwal- 
lader & Eden, 1977), in spring and summer may also 
have resulted in increases in the drift. 

Wilzbach & Cummins (1989) found that the 
mortality of drifting invertebrates was three-fold that 
of the benthic fauna, and Minshall & Petersen (1985), 
suggested that drifting invertebrates may be less fit 
than non-drifters. There is a possibility that some 
ehironomids found in the drift in Darebin Creek were 
less fit than their benthic counterparts. 

The introduced oligoehaete Lumbriculus varieg- 
atus was always more abundant at the below drain 
drift site, but was found at both drift sites in winter 
1997, and not found in the wetter seasons of autumn 
and spring 1997. Unidentified oligoehaetes domi¬ 
nated the benthos at many of the sites upstream of 
Site driftBD suggesting that the presence of Liim- 
bricnlns vanegcitus in the drift may be due to factors 
such as high population density and pressure to find 
a new habitat rather than accidental dislodgment. 

There are a number of faetors that eould possibly 
be reducing the benthic invertebrate diversity in 
Darebin Creek. These faetors inelude: increased im- 
perviousness of the eatehment (Walsh 2004; Walsh 
et al., 2001) channelization, particularly when the 
ehannel is straightened leaving little or no riparian 


zone vegetation to provide habitat for adult inseets 
(Collier & Smith, 1997; Collier et al., 1998; Collier 
et al., 2000; Collier, 2001), and to act as a regulator 
of water temperature, light, seepage, and nutrient 
transfer (Boon, 1992), urban runoff plus sewage 
spills containing heavy metals and nutrients that are 
also detrimental to stream invertebrate diversity. 

The stream velocity was significantly higher (j?< 
0.05) at the above drain drift site (driftAD) but the 
mean drift density was greater at the site below the 
drains site (driftBD). The presence of pollutants in¬ 
cluding heavy metals in the stream (Duke & Veen- 
stra-Quah, 1997) may have discouraged invertebrates 
from exiting the drift to colonise the region down¬ 
stream of the stormwater drains, whieh may explain 
the higher mean drift density recorded at Site 
driftBD. 

The deeline in the total number of species in the 
drift was indicative of something impacting the ben- 
thie fauna upstream of the drift sampling point or the 
interplay of a number of faetors. One problem is that 
the origin of the drifting fauna is not known and dif¬ 
ficult to ascertain. In the Northern hemisphere, in¬ 
vertebrates are not thought to drift very far in small, 
stony streams, where they tended to settle baek into a 
safe refuge in a short time (Allan & Feifarek, 1989). 
A typieal drill distance was considered to be about 
10 m, although distances of 100 m or more have been 
reported (MeLay, 1970). Bcnke et al. (1986) found 
that invertebrates dislodged from their snag habitat 
appeared to drift for long distances (0.18-4.8 km), 
much further than had been observed in most small 
streams. 

Lancaster et al. (1996) found that the physical 
habitat influenced the distances drifted by dislodged 
invertebrates. The total distances that organisms 
move downstream in the drift has not been studied 
extensively (Allan, 1995). In Australian urban 
streams, with their ehannel modifications and high 
influx of urban runoff, the distances travelled by in¬ 
vertebrates via the drift may be far greater than those 
recorded in less disturbed streams in the Northern 
hemisphere. 

Use of drift in biomonitoring 

The proposed advantages of drift over benthie sam¬ 
pling inelude the relative case of collection and sort¬ 
ing of drift samples, as well as the possibility that 
only a few drift samples may be needed to represent 
the benthos (Arthington et al., 1982). Wilzbaeh et al. 
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(1988) stated that the drift eould be used as an indi¬ 
cator of disturbed conditions. Their reasoning being 
that animals usually found crawling on or burrowing 
into the substrate are unlikely to occur in the water 
column, except as a result of a change in life history 
stage, by accident, or under abnormal conditions 
such as their habitat suddenly becoming intolerable, 
water-borne transport may be the quickest means of 
escape (Wilzbach et ah, 1988). 

Although drift is not a simple index of the benthos 
that generates it (Elliott & Minshall, 1968; Tilley, 
1989), some investigators have reported a general re¬ 
semblance between the drift and the benthos (Tilley, 

1989; Hieber et ah, 2003), while others have observ ed 
that taxa found in the benthos differed from that of 
the drift (Cowell & Carew, 1976; Dudgeon, 1983; 
Benkc et ah, 1986; Koetsier & Bran, 1996; Bergey 
& Ward, 1989; Sehreiber, 1995b). Based on the re¬ 
sults of the drift and benthic studies of Darcbin Creek 
and Dandenong Creek (Vcenstra-Quah, 2000) there 
appear to be similarities between the taxa found in the 
drift and upstream benthos. This concurs with 
Arthington et ah (1982) who found that only the rela¬ 
tive proportions of taxa were different in the samples 
collected from the drift and the benthos of Bulimba 
Creek in Queensland, Australia. 

The sampling of drift docs not always give a 
good indication of the status of the benthos (Statzner 
et ah, 1987). If drift samples are to be successfully 
used as proxy measures of the benthic community 
and indicators of water quality, an improved under¬ 
standing of the ecology of individual species, and all 
of the factors that affect their presence in the drift 
must be attained (Tilley, 1989). 

Sampling both the drift and benthos of Darebin 
Creek gives a more complete assessment of the in¬ 
vertebrate fauna (Collier, 2001). Similar conclusions 
were reached in a study undertaken by Arthington et 
ah (1982), where some taxa e.g. Hydraearina, were 
more abundant in the drift than the benthos, and con¬ 
versely, the oligoehaetes which dominated the 
benthos in Darcbin Creek were found in compara¬ 
tively low numbers in the drift. The results of this 
study support the view of Pringle & Ramirez, (1998) 
who advocated the use of drift samples to comple¬ 
ment direct sampling of the benthos for biological 
assessment of streams, as they can provide additional 
information on taxon richness. 
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